Regulation of adrenergic stimulation of hepatic adenylate cyclase by divalent cations.
Liver plasma membrane adenylate cyclase was stimulated paradoxically by an alpha 2-adrenergic mechanism under conditions of low metal ion and low GTP concentrations. In untreated membranes, epinephrine stimulation was GTP-dependent and was mediated by beta-adrenergic receptors since it was completely blocked by propranolol, but unaffected by dihydroergocryptine. Pre-treatment of membranes to remove or reduce divalent cations and guanine nucleotides changed epinephrine stimulation to a form that was mediated by alpha 2-receptors since it was completely blocked by dihydroergocryptine, phenoxybenzamine and yohimbine, but not by propranolol or prazosin. The pre-treatment did not alter enzyme activation by isoproterenol or glucagon, alpha 2-Adrenergic stimulation of adenylate cyclase in depleted membranes required the presence in the assay of 1-2 mM Mg2+ and small amounts of exogenous GTP (less than or equal to 50 nM). Increasing the Mg2+ or GTP concentration in the assay produced a progressive reversal of epinephrine-stimulated activity from an alpha 2-adrenergic form to a predominantly beta-adrenergic form. Readdition of Ca2+ or Mg2+, but not Mn2+, into depleted membranes by incubation in the presence of metal reestablished the pattern of enzyme sensitivity to epinephrine to that seen with untreated membranes i.e., it changed from alpha 2- to beta-receptor mediation. Alterations in membrane and assay content of metal ions and GTP did not result in the activation of the enzyme by vasopressin or angiotensin II. These findings demonstrate the ability of Ca2+, Mg2+ and GTP to control the coupling of beta- and alpha 2-adrenergic receptors with liver adenylate cyclase. It is hypothesized that the cations act by regulating the interaction of the receptors with adrenergic agonists and/or the guanine nucleotide binding protein(s) which is postulated to be involved in control of the enzyme.